We would like to describe a new minimally invasive method of axillary dissection via a periareolar incision and an 8mm incision in the axilla using the da Vinci Surgical System. The ten times (10X) magnification and three dimension (3D) image, together with the versatility and precision of the robotic telemanipulators has enabled us to perform nervesparing axillary dissection in 14 patients with carcinoma of the breast with lymph node metastases undergoing segmental mastectomy or total mastectomy and requiring level I and II axillary dissection. The time for the robotic axillary dissection ranged from 25 to 110 minutes with an average of 53 minutes. The average number of lymph nodes retrieved was 18 (range from 8 to 28). Postoperatively all patients recovered well. The robotic system can enhance the surgeon's ability by providing a high-definition, magnified, three-dimensional view of the operative field, intuitively controlled articulating instruments, and elimination of tremors, and has potential benefits for the patient.
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in particular is rapidly being accepted by many centres as a low morbidity method of identifying possible spread to the axilla. Since March 2003, we performed minimal access axillary dissection in patients with breast cancer, and noted significant patient benefits in terms of less pain and paresthesia, and improved shoulder mobility (unpublished results). However, the procedure itself was cumbersome and non-ergonomic, given the reduced range of motion and instrument dexterity of the standard laparoscopic instrument, and 2-dimensional view of the operative field. In recent years, there has been a rapid growth of surgical procedures performed using the da Vinci Surgical System (Intuitive Surgical, Sunnyvale, CA, USA). (Hazey & Meivin., 2004; Bodner et al., 2004; Undre et al., 2004; Menon et al., 2003) The system uses a master-slave robot concept where the surgeon controls telemanipulators to perform the operation, hence the commonly used term 'robotic surgery'. The advantages of robotic surgery using this system include 10X magnification , three-dimensional vision, elimination of tremor, use of instruments with seven degrees of freedom (d.o.f.) of movement, and the ability of the surgeon to perform the procedure comfortably seated with armrests for support. Procedures demanding superior visualization or requiring complex reconstruction obtain the greatest benefit from robotics over conventional laparoscopy. This is our report of 14 patients with carcinoma of the breast and lymph node metastases who underwent a level I and II axillary dissection using the da Vinci Surgical System. The objective was to develop a technique of axillary dissection which could visualize the cutaneous nerves and lymphatics in the axilla, and aid in fine dissection with preservation of the nerves.
Patients and Methods
Between 19 November 2004 and 15 November 2006,14 robotic axillary dissections using the da Vinci Surgical System (Intuitive Surgical, Sunnyvale, CA, USA) were successfully performed on 14 patients with carcinoma of the breast and lymph node metastases who underwent segmental mastectomy or total mastectomy. All patients were comprehensively informed about the technique, and signed informed consent. The age range was 32-74 years. The tumour size ranged from 1.5 cm to 8.0 cm. The tumour location was in the upper, outer quadrant (6 patients), upper inner quadrant (2 patients), lower outer quadrant (1 patient), upper half of breast (3 patients) and lateral half of breast (1 patient). One patient only had axillary dissection as her mastectomy had been performed at another medical facility. General anaesthesia with endotracheal intubation was employed and the patient was positioned supine with the arm abducted to 120 degrees. A large soft roll was positioned under the side of the patient to elevate that side from the table 30 degrees. Segmental excision of the tumour was first performed through a periareolar incision. Following the excision of the tumour with clear margins, the breast cavity was washed with saline, and hemostasis achieved prior to commencement of the axillary dissection. The axillary space was created as follows: the clavipectoral-axillary fascia was gently opened by blunt dissection and a "closed-open" scissors introduced gently into the axillary space through the opening. This opening provided the working space and access to the axilla for the endoscope and instrument arm of the surgical system. The surgical cart of the da Vinci Surgical System containing the camera arm and the left and right instrument arms, was positioned over the shoulder. A zero degree 3D endoscope (InSite™ Vision System, Intuitive Surgical, Sunnyvale, USA) was placed through the periareolar incision and targeted toward the axillary vein. A bi-polar coagulating forceps, placed in the left arm of the robot, was also positioned through the same incision. A cautery hook or cautery spade, connected to unipolar diathermy was placed in the contralateral arm of the robot and inserted through an 8mm incision in the axilla. A self-retaining retractor was placed in the incision to maintain the axillary space. In the 7 cases of total mastectomy procedures, the access of the robotic instruments and camera was through the mastectomy incision (circumareolar, skin sparing). Once the axillary space was achieved with good visuals, axillary dissection was performed. Once all three nerves (intercostobrachio-cutaneous, long thoracic, thoracodorsal) had been identified and dissected free from the axillary contents, the axillary fat pad was dissected in a lateral and inferior direction to the anterior border of the latissimus dorsi muscle, and divided. Hemostasis was achieved with uni-or bi-polar coagulation. The specimen and lymph nodes contained within were extracted through the breast incision and submitted to pathology. The breast incision was closed with 4/0 vicryl and steristrips. No surgical drainage was required for the axilla. The stab incision in the axilla was closed with steristrips. All patients were admitted following surgery. For patients with tumour in the lateral quadrants of the breast, oncoplastic reconstruction of the lumpectomy defect was performed using a flap of fatty tissue overlying the serratus anterior muscle, supplied by a branch of the thoracodorsal artery which was identified and preserved. (Denewer & Farouk ,2007) This is a very useful thin fascial flap for distant coverage. The thoracodorsal artery is identified proximally, and branches coursing medially toward the serratus are identified and preserved. The fascial flap to be elevated is then outlined and incised. This is a very thin flap that is dissected off the underlying serratus anterior muscle. Dissection continues from distal to proximal and includes the branches of the thoracodorsal artery. Branches extending into the serratus muscle are cauterized with the bipolar electrocoagulation unit. Care should be taken to preserve the long thoracic nerve. The fascia is dissected away, leaving the nerve intact (see figure 1) . 
Results
minutes (range from 20 to 110 minutes); and the mean total operative time for both the breast and axillary surgery (measured from the time of the initial skin incision to the last subcutaneous stitch was completed) was 149 minutes (range 105-240 minutes). There were no intraoperative technical failures of the da Vinci telemanipulator system. Blood loss was negligible in all cases. In patients who had segmental mastectomy performed (6 patients), the margins of resection of the breast tissue were free of tumour in all patients. The average number of lymph nodes removed was 18 (range from 8 to 28). In those patients who underwent oncoplastic reconstruction using the flap of fatty tissue overlying the serratus anterior muscle, the branch of the thoracodorsal artery was easily identified in all cases and preserved. All patients were hospitalized following surgery. There were no intra-or postoperative complications such as hematoma, wound infection, or injury to nerves and vessels. Out of the 14 patients operated upon, 2 had no seroma formation post-operatively. 8 patients had seroma formation for 2 weeks and 4 patients for one month documented on ultrasound. In all these patients, the seroma resolved over time. Axillary pain and paresthesia of upper arm were also noted to be minimal, with the major advantage, often realized by the patient and surgeon immediately after surgery, being the improved mobility of the operated arm. The patients reported full range of movement of the upper limb without any stiffness or pain. The patients who had the oncoplastic reconstruction performed using the flap of fatty tissue overlying the serratus anterior muscle supplied by the branch of the thoracodorsal artery had excellent cosmesis post-operatively.
Discussion
Improved surgical techniques in breast cancer surgery have evolved over the years, which include skin and areolar-sparing mastectomy, segmental mastectomy, oncoplastic breast procedures, and reconstructive options. (Simmons et al., 2003; Gerber et al., 2003) This increased use of breast-conserving therapy for treatment of breast cancer has nearly eliminated the major morbidity of loss of the breast. The present focus of postoperative morbidity has shifted to the axillary dissection, a procedure which for many women has become the major cause of longterm morbidity after local therapy for breast cancer. ( Harris et al., 1999 ) In the surgical approach to the axilla however, apart from the sentinel node biopsy, there have been few innovations in techniques to spare the common complications of an axillary dissection, which range from seroma or hematoma formation to injury to the nerves that course through the axilla. Injury to the long thoracic nerve may result in a winged scapula or palsy of the serratus anterior muscle and occurs in approximately 10% of cases, (Bennion & Love, 1997) while injury to the thoracodorsal nerve will lead to weakness of the latissimus dorsi muscle. Injury to the intercostobrachial nerve may cause permanent numbness in the lateral axilla and medial portion of the upper arm. These injuries, while distressing to patients, are probably underestimated, as they are not life-threatening and do not require hospitalization. (Ivens et al., 1992) In this report, we have shown that axillary lymph node dissection with the da Vinci Surgical System is a precise, gentle, and safe alternative to lymphadenectomy performed via a standard axillary incision. The authors embarked on this technique after finding that the robotic approach yielded better precision and visualisation that could result in less morbidity following axillary dissection. This ergonomic master-slave system offered three-dimensional visualization, wristed instrumentation, intuitive finger-controlled movements and a comfortable seated position for the surgeon. While the increase in operating time reflects the initial small learning curve, the advantages of dissection using telemanipulators were striking to the surgeon and appeared to www.intechopen.com Nerve Sparing Axillary Dissection using the da Vinci Surgical System 237 have significant positive impact on patient outcome. Surgeon advantages included a 3D view of the axilla, 10X magnification, and an ergonomical operating position with seven d.o.f. of movement of the instruments with elimination of tremor. A potential disadvantage of this technology is the added cost, and the lack of tactile sensation, but three-dimensional visualization compensated for this handicap. Patient outcome may be improved as the enhanced view facilitates identification and preservation of the nerves in the axilla; the long thoracic nerve on the medial wall, thoracodorsal nerve on the posterior wall, and especially the intercostobrachial nerves which course through the axilla. In addition, lymph nodes and lymphatic channels are better visualized, adding to the completeness of the lymphatic dissection. The reason for minimal seroma is probably due to the better visualisation and more meticulous and precise dissection using a 'no-touch' technique i.e. the tissues were only handled with the robotic instruments. The aesthetic result was also better as a separate axilla incision was avoided. The 10X magnification also enabled the fat overlying the serratus anterior muscle to be harvested as a flap with its own blood supply from the thoracic branch of the thoracodorsal artery. The harvested fat flap allows for immediate reconstruction of the segmental mastectomy defect in patients with tumours located in the lateral quadrants of the breast. Sentinel lymph node biopsy remains a good management option for patients with early breast cancer, with low morbidity. We believe that robotic axillary dissection is a useful complement to this technique when there is an oncoplastic requirement for a complete axillary dissection. There are distinct advantages with robotic axillary dissection and this could be added to the repertoire of procedures in a hospital that has purchased the robot for use in other types of surgery.
Conclusion
Nerve-sparing axillary dissection with the da Vinci Surgical System is feasible and can be performed within the current oncological standards. Access to the axillary space is obtained through the initial incision for breast tumour removal and eliminates the necessity for a second main axillary incision. The three dimensional view, magnified 10X, and the robotic telemanipulators can enhance the surgeon's ability with better vision, intuitive instrument control and depth perception, and elimination of tremors, and can possibly reduce postoperative complications for the patient. We conclude that robotic axillary lymph node dissection can be safely and selectively introduced into a breast cancer surgery program. The first generation of surgical robots are already being installed in a number of operating rooms around the world. Robotics is being introduced to medicine because it allows for unprecedented control and precision of surgical instruments in minimally invasive procedures. So far, robots have been used to position an endoscope, perform gallbladder surgery and correct gastroesophogeal reflux and heartburn. The ultimate goal of the robotic surgery field is to design a robot that can be used to perform closed-chest, beating-heart surgery. The use of robotics in surgery will expand over the next decades without any doubt. Minimally Invasive Surgery (MIS) is a revolutionary approach in surgery. In MIS, the operation is performed with instruments and viewing equipment inserted into the body through small incisions created by the surgeon, in contrast to open surgery with large incisions. This minimizes surgical trauma and damage to healthy tissue, resulting in shorter patient recovery time. The aim of this book is to provide an overview of the state-of-art, to present new ideas, original results and practical experiences in this expanding area. Nevertheless, many chapters in the book concern advanced research on this growing area. The book provides critical analysis of clinical trials, assessment of the benefits and risks of the application of these technologies. This book is certainly a small sample of the research activity on Medical Robotics going on around the globe as you read it, but it surely covers a good deal of what has been done in the field recently, and as such it works as a valuable source for researchers interested in the involved subjects, whether they are currently "medical roboticists" or not.
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